Objective: In Australian residential aged care facilities (RACFs), the use of certain classes of high-risk medication such as antipsychotics, potent analgesics, and sedatives is high. Here, we examined the prescribed medications and subsequent changes recommended by geriatricians during comprehensive geriatric consultations provided to residents of RACFs via videoconference. Design: This is a prospective observational study. Setting: Four RACFs in Queensland, Australia, are included. Participants: A total of 153 residents referred by general practitioners for comprehensive assessment by geriatricians delivered by video-consultation. Results: Residents' mean (standard deviation, SD) age was 83.0 (8.1) years and 64.1% were female. They had multiple comorbidities (mean 6), high levels of dependency, and were prescribed a mean (SD) of 9.6 (4.2) regular medications. Ninety-one percent of patients were taking five or more medications daily. Of total medications prescribed (n=1,469), geriatricians recommended withdrawal of 9.8% (n=145) and dose alteration of 3.5% (n=51). New medications were initiated in 47.7% (n=73) patients. Of the 10.3% (n=151) medications considered as high risk, 17.2% were stopped and dose altered in 2.6%. Conclusion: There was a moderate prevalence of potentially inappropriate high-risk medications. However, geriatricians made relatively few changes, suggesting either that, on balance, prescription of these medications was appropriate or, because of other factors, there was a reluctance to adjust medications. A structured medication review using an algorithm for withdrawing medications of high disutility might help optimize medications in frail patients. Further research, including a broader survey, is required to understand these dynamics.
Introduction
Many frail older people spend their final years of life in aged care facilities. In Australia, the proportion of older people living in care accommodation increases with age from 2% of people aged 65-74 years to 6% of people aged 75-84 years and 26% of people aged 85 years and over. 1 Those living in care homes often take more medications than noninstitutionalized elderly, and the risk of morbidity as a result of medication is high. 2 Also, the incidence of adverse drug events increases with the number of medications prescribed. 3 Residential aged care facilities (RACFs) in Australia are institutions in which prescribing of high-risk medication such as antipsychotics, potent analgesics, and sedatives is high, with between 25% and 30% of patients receiving such medication. [4] [5] [6] Ensuring high-quality care and appropriate medication use for
Despite the growing body of literature indicating that medication errors and potentially inappropriate medications are important causes of morbidity and mortality, evidence for effective interventions and strategies to improve the pharmacological management of patients is still limited. 8 Well-organized approaches are needed to provide specialist advice in nursing homes to ensure quality medical care. Practice models that include a pharmacist as part of the multidisciplinary team represent best practice in inpatient, ambulatory, and community settings, and in care transitions between settings. 9 Geriatrician-led case conference reviews and comprehensive geriatric assessments (CGAs) have been shown to be effective in reducing potentially inappropriate medications use and improved suboptimal prescribing. 7, 10 Although access to geriatric services in Australian RACFs is limited, expert advice is increasingly provided by videoconferencing (VC).
In the model offered in relation to this study, a specialist geriatrician provides a comprehensive assessment of the patient and input into care plans via VC. Geriatricians make recommendation about patients' medications, perhaps advising that some medications are stopped or others commenced. We designed this study to examine whether VC-mediated geriatric assessment resulted in changes to medications prescribed, and reduced the prevalence of potentially inappropriate medication use.
Methods

study population and setting
We conducted a prospective observational cohort study of four RACFs in Queensland, Australia, that currently have regular access to geriatric consultations via VC. The participating facilities were the first four to be supported by the geriatrician service operating out of the Centre for Research in Geriatric Medicine. We were able to record the information for 153 patients assessed by four geriatricians over the research timeframe.
Data collection
At participating facilities, geriatrician-supported CGA is encouraged within 4-12 weeks of admission. All residents are offered CGA at entry into the participating RACF. However, uptake is determined by referral from the treating general practitioners. The CGA is conducted using a structured protocol based on the interRAI (Resident Assessment Instrument) Long-Term Facility assessment system, administered by a senior registered nurse. The assessment includes a comprehensive diagnosis list, justification of all medications documented, functional profile, cognitive assessment confirming the presence or absence of cognitive and mood disorders, recommendations for prevention and management, and advanced care planning. Observations made by the nurse are entered into a clinical decision support system, which generates a draft resident health care profile and care plan. The clinical decision support system is mounted on a webbased platform to permit review and comment by a specialist geriatrician. interRAI is a not-for-profit research consortium with international collaboration from more than 30 countries that aims to improve the quality of life of vulnerable persons through a unified comprehensive assessment system.
Ideally, 1-4 weeks following admission to the facility, residents who have been referred to a geriatrician by the GP are assessed via video-consultation by the specialist. The geriatrician is able to speak with the resident as well as attending RACF staff and resident's family members if present. Recommendations to the GP and RACF are made, as necessary, regarding the resident's care plan following the consultation. CGA is also offered to existing residents on an "as needs" basis. A formal functional profile is prepared, and a report is generated recording the recommendations made by the geriatrician. Data for this study were retrieved from these sources over an 18-month period from January 2013 to August 2014. Ethics approval was obtained from the University of Queensland Medical Research Ethics Committee. All patients or their substitute decision-maker gave informed consent for participation.
Key measures
The primary outcome measure was the appropriateness of prescribing. A high-risk medications list was created based on those recognized by the American Geriatric Society 2012 Beers Criteria, 11 the McLeod criteria, 12 the Laroche criteria, 13 the PRISCUS criteria, 14 and the Norwegian General Practice criteria 15 (Table 1) . These criteria consider a medication as high risk when it has a tendency to cause adverse drug events and drug toxicity in older adults due to its pharmacological properties and the physiologic changes of aging. For our study, we defined high-risk medications as those that are listed on any one of these criteria. We excluded medications not available in Australia. Polypharmacy status was categorized into three groups based on the number of medications prescribed: non-polypharmacy (0-4 medications), polypharmacy (5-9 medications), and hyper-polypharmacy (10 medications). 16 Complementary and as-required medications were excluded. Three levels of change on current prescription were defined as drug stopped, dose altered, and new drug started.
statistical analysis
The Statistical Package for Social Science 21.0 (IBM SPSS Statistics 21. Ink) was used for statistical analysis. Categorical variables were summarized using proportions and continuous variables using mean, standard deviation (SD), and range. In univariate analysis, the differences in the distribution of variables between patients with or without high-risk medications were compared using the chi-squared test for categorical variables, and nonparametric or parametric comparison of means for continuous variables, depending on the distribution of the data. Tests of significance were two-tailed, using a significance level of P0.05.
Results
Over the course of the study, 153 patients were assessed by the four participating geriatricians across four facilities.
Demographics and clinical characteristics of the study population are presented in Table 2 . The mean (± SD) patient age was 83.0 (±8.1) years and 64.1% were female. The median length of stay in the facility at the time of assessment was 488 days (range 6-3,213 days). Twenty-four percent of patients were assessed within 12 weeks of admission to the facility. Patients had multiple comorbidities (mean 6), including dementia diagnosed in 67.3%, depression in 46.4%, and delirium in 11.7%. Other prevalent comorbidities were hypertension (35.9%), diabetes (20.9%), heart diseases (13.7%), and respiratory diseases (11.1%). Patients were prescribed a mean (± SD) of 9.6 (±4.2) regular medications. Polypharmacy (5 medications) was seen in 91% (n=139) residents, half of whom (n=69) were exposed to hyper-polypharmacy (10 medications). Of all medications prescribed (n=1,469), the geriatrician recommended withdrawal of 9.8% (n=145) and dose alteration for 3.5% (n=51) medications. Medications were stopped because of adverse effects (n=66), no clear indication/medication burden (n=63), and disease cured (n=16). Similarly, the medication dose was altered because of adverse effects and other factors (n=36), changed to "as required" (n=5), and ineffective dose (n=10). New medications were initiated in 47.7% (n=73) patients (Table 3) . High-risk medications prescribed (10.3%; n=151) and intervention by geriatricians are listed by drug classes in Table 4 . At least one high-risk medication was prescribed to 58.2% (n=89) patients. The univariate analysis showed that the length of stay was the only variable significantly associated with patients having at least one high-risk medication (Table 5) . Of the high-risk medications, the geriatrician ceased 17.2% (n=26) medications and altered the dose in 2.6% (n=4). High-risk medications stopped were analgesics (n=6), antispasmodics (n=5), sedative and hypnotics (n=5), antipsychotics (n=3), antiarrhythmic (n=3), antihypertensive (n=2), gastrointestinal medications (n=1), and antibiotics (n=1). The dose was altered for antiarrhythmic (n=2), antidepressants (n=1), and sedative and hypnotics (n=1).
Discussion
To our knowledge, this is the first study of a geriatrician intervention where the medication advice for residents at longterm residential care facilities was specifically assessed via video-consultation. We found moderate levels of high-risk medications prescribed to residents in RACFs. Geriatricians made relatively few changes. This suggests that either the prescription of these medications was appropriate or other factors influenced the decision not to adjust medications. The aim of defining high-risk medication use is to focus on a group of medications for which there is common consensus about potential inappropriateness. In principle, the high-risk medications prescribed to RACF residents in our study should not have been started or continued except under certain conditions; for example, amiodarone, a high-risk medication used in older people, is a therapy that may be indicated to treat supraventricular arrhythmias effectively in patients with heart failure; 17 and benzodiazepines, that may increase the risk of mental decline, delirium, falls, and fractures in older adults, may be appropriate for treating seizures, certain sleep disorders, and anxiety disorders.
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The reluctance on the part of the geriatrician in adjusting/ stopping many of these high-risk medications might suggest that prescription of some of these medications was appropriate. It is also possible that patients' (or primary care medical practitioners') strong belief in their medications might impact on an otherwise appropriate reduction in the number of medications taken, but this was not specifically explored in our study. In addition to these patient-related factors, there might be some prescriber-related factors that hinder medication adjustment, such as involvement of several prescribers, the use of preventive medication, and evidencebased medicine guidelines that often induce polypharmacy, uncertainties of precipitating disease relapse or drug withdrawal syndromes, and lack of risk/benefit information for the frail older residents. 18 Interventions for appropriate prescribing in older people such as education, medication reviews, computerized support systems, and interdisciplinary team review have a positive impact on prescribing. 10 Yet, evidence for effective interventions to improve care in residential care settings is limited. A study by Crotty et al suggested that case conferences help an outreach geriatrician team to optimize medication management. 7 They describe the use of multidisciplinary case conference meetings to review medication in RACFs with significant improvement in medication appropriateness in the intervention group. There is conflicting evidence, however, concerning the efficacy of case conference medication reviews. One study using case conferencing to review the prescription and use of medications for community-dwelling older adults was unsuccessful in demonstrating the change in inappropriate use of medications. 19 A similar study in residential care facilities was unsuccessful in establishing changes in the number of medications. 20 Other approaches to optimize prescribing in frail older people might be the integration of a pharmacist in a team to make a collaborative approach on the quality of prescribing. Studies from inpatient settings suggest that the addition of a pharmacist to health care teams could lead to major reductions in morbidity and improved patient outcomes. 21, 22 Another study on older patients transferring from hospital to a long-term care facility showed that adding a pharmacist transition coordinator on evidence-based medication management and 
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Poudel et al health outcomes could improve the aspects of inappropriate use of medications. 23 Optimizing prescribing requires appropriate ways to taper or withdraw high-risk medications in older adults. Available explicit and implicit criteria for appropriate prescribing encompass medications that have been validated in, and applied to, robust, healthy populations aged 65 and older. Therefore, these approaches may not be applicable to the more frail and multimorbid oldest old who reside in RACFs. 24 Most attention has been paid to the development of guidelines on how to initiate medications, but there are limited studies on the most effective way to cease medications. 25, 26 Barriers to cease medications include time constraints on medical practitioners. This had led some to advocate that there should be some systematic approaches to follow in ceasing medications. 27, 28 In responding to polypharmacy and minimizing high-risk medications, there appears a need for a practical algorithm that helps clinicians identify and discontinue potentially inappropriate high-risk medications using a systematic approach. This algorithm should signify a range of different clinical scenarios in relation to high-risk medications and offer an evidence-based approach to identify and, if appropriate, discontinue such medications and/or suggesting alternative treatments when required.
Our study has several limitations. Although, combining five different explicit criteria gives us an opportunity to extract a comprehensive list of high-risk medications, this list is not meant to regulate practice in a manner that surpasses the clinical judgment and the assessment of a prescriber. Also, because of our definition of high-risk medications as a list of drugs, the further domains of inappropriate prescribing such as underuse of medications and drug-drug interaction might be missed. Any adverse health events occurring among the residents using high-risk medications were also not investigated in our study. Considering the small sample size of 153 patients, the study results may not be representative of larger sample size in different nursing home settings.
Conclusion
In this study of 153 residents of four RACFs, we found a moderate prevalence of potentially inappropriate highrisk medications. However, geriatricians made relatively few changes, suggesting either that, on balance, prescription of these medications was appropriate or, because of other factors, there was a reluctance to adjust medications. Further research, including a broader survey, is required to understand these dynamics. A structured medication review using an algorithm for withdrawing medications of high disutility might help optimize medication prescribing in frail older people.
